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(54) Vibrator motor 

(57) A vibrator motor for electric ijajrjjljgpjers, mas- 
sagers and the like includes a fixed magnetically per- 
meable piece (110) and a moving magnetically perme- 
able piece (112). The fixed and moving pieces form a 
plurality of flux gap zones (146, 150, 154) between se- 
lected corresponding surfaces (132A, 132C, 132D, 
1 34 A, 1 34B, 1 34C, 1 34D) of the fixed and moving piec- 
es. 

Each of the flux gap zones has an air gap (1 48, 1 52, 
156) formed between the selected corresponding sur- 
faces of the fixed piece (110)- and the moving piece 



(112). The air gaps have a total gap surface area, and 
an apparent gap surface area. The apparent gap sur- 
face area can be measured by viewing a selected sur- 
face which forms each gap through a plane which is gen- 
erally perpendicular to the direction of the path of oscil- 
lating motion of the moving piece, or through a selected 
cross-section of the fixed or moving piece which is per- 
pendicular to the path. In this invention, the total gap 
surface area of the gap in at least one of the flux gap 
zones is greater than the apparent gap surface area of 
that gap or gaps. 
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Description 

This invention relates to vibrator motors, and more 
particularly to vibrator motors for hair clippers, massag- 
ers and the like which are more efficient, and produce 
higher power at lower temperature than conventional vi- 
brator motors. 

Vibrator motors have been used in electric hair clip- 
pers for many years, as in U.S. Patent Nos. 2,877, 364 : 
2,986,662 and 3,026,430, incorporated by reference in 
their entirety. A conventional vibrator motor in a hair clip- 
per is shown in Fig. 1 0, where a hair clipper 1 0 includes 
a case 12, a stationary hair cutting blade 14, and a re- 
ciprocating hair cutting blade 16. The blade 16 is moved 
by a vibrator motor 18, which includes a stationary coil 
20, coil laminations 22 and moving laminations 24. 

The coil laminations 22 are stationary within the 
case 12. The moving arm laminations 24 are part of a 
vibrating arm 26. The vibrating arm 26 also includes a 
tail bracket 28, which in turn includes a leaf spring 30. 
The arm 26 is operatively connected to the moving blade 
16 through a resilient finger 32. A mechanical spring 
system 34 includes the tail bracket 28 fixed at one end 
34 to the case 12, and coil springs 36 on each side of 
the tail bracket 28 and between adjacent walls of the 
case 12. The mechanical spring system 34 is designed 
so that the vibrating arm has an appropriate resonant 
frequency. 

The arm 26 vibrates in operation, causing the mov- 
ing blade 16 to reciprocate along a path A in Fig, 10. 
Since the vibrating arm is fixed at the end 34, the arm 
laminations reciprocate in a slight arc. 

The coil laminations 22 and moving laminations 24 
are arranged to create three flux gap zones, indicated 
by dashed line rectangles 38, 40 and 42 in Fig. 10, in 
which magnetic flux generated by the coil 20 crosses 
over gaps 44, 46, 48, respectively, creating alternating 
magnetic poles which, in combination with the properly 
tuned mechanical spring system, cause the vibrating 
arm 26 to oscillate. In Fig. 1 0 and other figures, the flux 
gap zones may be illustrated larger than they actually 
are for clarity. The flux gap zones are intended to cover 
the area where the magnetic fields have a relatively high 
flux density flowing between the moving and stationary 
poles of the laminations. 

The air gaps 44, 46 and 48 (in flux gap zones 38, 
40 and 42, respectively) are formed by generally parallel 
corresponding surfaces of the laminations which are 
substantially perpendicular to the directions of move- 
ment of the moving laminations 24. The position of the 
vibrating arm 26 is adjusted by rotating a threaded pow- 
er screw 50 so that the gaps 44, 46 and 48 are a mini- 
mum during operation, thereby maximizing the magnet- 
ic efficiency of the conventional vibrator hair clipper mo- 
tor. The spacing of the gaps 44,46 and 48 changes con- 
stantly in operation, and the three-dimensional shape of 
the gaps changes accordingly. An apparent gap surface 
area of the fixed and moving laminations can be meas- 



ured through a plane generally perpendicular to the di- 
rection of the path A of oscillating motion of the moving 
laminations. The measurement can be made in an ap- 
propriate cross-section of the laminations in the perpen- 
s dicular plane, or it can be made by simply viewing a sur- 
face of one of the laminations which is representative of 
the area where significant flux flows through the perpen- 
dicular plane. In Fig. 10, the apparent gap surface area 
is about the same as the actual surface areas of the lam- 
10 inations where the gaps are formed. That is, the lengths 
of the gaps 44, 46 and 48 are about the same as the 
width of the narrowest lamination surface which forms 
the respective gaps. Thus, the gap length 46GL of the 
gap 46, for example, is about the same as the width 22W 
1$ of the laminations 22 in the zone 40. The length of the 
gap 44 is about the same as the width 24N of the lami- 
nations 24 in the flux gap zone 38. The depths of the 
gaps are about the same as the thickness of the stack 
of laminations, as well. 

Generally, the coil is energized with line voltage 
which alternates at 60 Hz or 50 Hz, and the vibrating 
arm oscillates at twice the line frequency. Increasing the 
ampere-turns passing through the coil increases hair 
cutting power, which is desirable, and also increases the 
distance the vibrating arm moves in operation, i.e., the 
stroke. However, the operating temperature also in- 
creases, which is undesirable. The same principles ap- 
ply to massage r vibrator motors. 

While the conventional hair clippers just described 
have been useful and commercially successful, the mo- 
tor windings reach a fairly high temperature during nor- 
mal operation or when run continuously. Thus, there is 
a need for vibrating motors for hair clippers and other 
products which run more efficiently at lower outer sur- 
face and component temperatures, preferably with high- 
er power, for faster haircutting or other purposes. There 
is also a need for hair clipper motors which are light and 
inexpensive to manufacture, yet perform consistently 
well over a desired range of manufacturing tolerances. 
Another need is for improvements in vibrator hair clipper 
motors, as well as vibrator motors for massage rs and 
other products, which can be easily incorporated in ex- 
isting product designs. 

Thick hair, often found in animals, is more difficult 
to cut with a conventional vibrator hair clipper at a fast 
rate, due to the added power (i.e., oscillating force) 
needed, and increased tension required to press the two 
blades together and prevent them from separating un- 
der heavy cutting loads. As tension is increased on a 
conventional hair clipper, however, the stroke decreas- 
es, until the moving blade no longer cuts the hair. Thus, 
there is a need for vibrator hair clipper motors which can 
operate with higher tension, adequate stroke and higher 
oscillating force for cutting thick hair at a fast rate, 

Sometimes hair clippers are used to cut close to the 
scalp, with the tips of the blade teeth placed directly 
against the scalp. Little or no blade overlap is desirable, 
but it is difficult to cut close to the scalp with conventional 
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hair clippers because the tips of the teeth on the moving 
blades travel in a slight arc and can extend over the tips 
of the stationary teeth at the ends of the stroke, if the 
overlap is too small. Under some conditions, the moving 
teeth can touch the scalp, which is undesirable. A short- 
er stroke can be used by reducing the ampere-turns of 
the motor, but that can also reduce cutting power to an 
unacceptable level. Thus, there is a need for vibrator 
motors for hair clippers which have higher cutting power 
with a short stroke. 

Accordingly, one object of this invention is to pro- 
vide new and improved vibrator motors. 

Another object is to provide new and improved vi- 
brator motors for hair clippers, massagers and the like. 

Yet another object is to provide new and improved 
vibrator motors which provide higher power at lower 
temperature. 

Still another object is to provide new and improved 
vibrator hair clipper motors having improved efficiency 
and reduced cost, with lower operating temperatures 
and increased cutting power. 

Another object is to provide new and improved vi- 
brator hair clipper motors which are simple to make and 
assemble, use less copper, and can be easily adapted 
for use in conventional vibrator hair clippers. 

An additional object is to provide new and improved 
vibrator hair clippers which can maintain adequate cut- 
ting stroke in thick hair where greater tension is needed. 

Another object is to provide new and improved vi- 
brator hair clippers for cutting close to the scalp, where 
minimal blade overlap is needed. 

A further object is to provide new and improved vi- 
brator hair clippers which can realize the other objects 
of this invention over a range of manufacturing tolerance 
variations. 

In keeping with one aspect of this invention, a vibra- 
tor motor for electric hair clippers, massagers and the 
like includes a fixed magnetically permeable piece and 
a moving magnetically permeable piece. The fixed and 
moving pieces form a plurality of flux gap zones between 
selected corresponding surfaces of the fixed and mov- 
ing pieces. 

The fixed piece is secured to a stationary portion. 
A mechanical spring system is connected to the moving 
piece, with one end of the mechanical spring system al- 
so being secured to the stationary portion. A coil gener- 
ates magnetic fields between the fixed and moving piec- 
es, the fields passing through the flux gap zones and 
causing the moving piece to oscillate along a predeter- 
mined path. 

Each of the flux gap zones has an air gap formed 
between the selected corresponding surfaces of the 
fixed piece and the moving piece. The gaps define a 
spacing between the corresponding fixed and moving 
piece surfaces which varies at least in part as the mov- 
ing piece oscillates. 

It is possible to measure the approximate actual to- 
tal surface area between the fixed and moving lamina- 



tions which generally extends over the gap in each as- 
sociated flux gap zone. The actual surface is compared 
with the apparent gap forming surface area of the lam- 
inations, measured using the perpendicular plane which 
s was previously described. In this invention, however, the 
actual gap surface area of the gap in at least one of the 
flux gap zones is greater than its associated apparent 
gap surface area. 

When the motor is used in a hair clipper, a moving 

io blade is attached to the end of the vibrating arm opposite 
the mechanical spring system, and a stationary blade is 
secured to the case opposite to the moving blade. When 
alternating current is applied to the coil, the vibrating arm 
oscillates, and teeth in the moving blade reciprocate 

is across teeth in the stationary blade, causing hair which 
enters between the teeth to be cut. 

Accordingly, a first object of the present invention is 
to provide a vibrator motor characterized by a fixed mag- 
netically permeable piece and a moving magnetically 

20 permeable piece forming a plurality of flux gap zones for 
substantial flux flow between said pieces, each of said 
flux gap zones having at least one air gap between cor- 
responding surfaces of said fixed and moving pieces; 
said fixed piece being secured to a stationary portion; a 

25 mechanical spring system connected to said moving 
piece, at least one end of said mechanical spring system 
being secured to said stationary portion; and means for 
generating varying magnetic fields between said fixed 
and moving pieces, said fields passing across said air 

30 gaps within said flux gap zones; said magnetic fields and 
said mechanical spring system causing said moving 
piece to oscillate along a predetermined path; at least 
one of said flux gap zones having at least a first primary 
flux pole in which a first selected surface of said fixed 

55 piece is generally perpendicular to said predetermined 
path, a second primary flux pole in which a second se- 
lected surface of said fixed piece is generally perpen- 
dicular to said predetermined path, and a first secondary 
flux pole between said first and second primary flux 

40 poles in which a third selected surface of said fixed piece 
is generally parallel to said predetermined path. 

A second object of the present invention involves a 
vibrator motor characterized by a fixed magnetically per- 
meable piece and a moving magnetically permeable 

45 piece forming a plurality of flux gap zones for substantial 
flux flow between said pieces, each of said flux gap 
zones having at least one air gap between correspond- 
ing surfaces of said fixed and moving pieces; said fixed 
piece being secured to a stationary portion; a mechan- 
ic ical spring system connected to said moving piece, at 
least one end of said mechanical spring system being 
secured to said stationary portion; and means for gen- 
erating varying magnetic fields between said fixed and 
moving pieces, said fields passing across said at least 

55 one air gap within said flux gap zones; said magnetic 
fields and said mechanical spring system causing said 
moving piece to oscillate along a predetermined path; 
at least one of said flux gap zones having at feast a first 
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secondary ftux pole in which a first selected surface of 
said fixed piece is generally parallel to said predeter- 
mined path, a second secondary flux pole in which a 
second selected surface of said fixed piece is generally 
parallel to said predetermined path, and a first primary 
flux pole between said first and second secondary flux 
poles in which a third selected surface of said fixed piece 
is generally perpendicular to said predetermined path. 

The preferred embodiments of this invention will 
now be described by way of example, with reference to 
the drawings accompanying this specification in which: 

Fig. 1 is an interior view of a hair clipper with the lid 
removed, and having a vibrator motor made in ac- 
cordance with one embodiment of the present in- 
vention; 

Fig. 2 is a right side cross-sectional interior view of 
the hair clipper of Fig. 1 , with the lid in place; 
Fig. 3 is a plan view of the vibrator motor in the em- 
bodiment of Fig. 1 , shown with the lamination as- 
sembly in an open position; 
Fig. 4 is a plan view of the vibrator motor in the em- 
bodiment of Fig. 1 , shown with the lamination as- 
sembly in a closed position; 
Fig. 5 is a top view of the stationary laminations in 
the motor of Fig. 1 , showing part of the laminations 
in a partial perspective view; 
Fig. 6 is a side view of the stationary laminations 
shown in Fig. 5; 

Fig. 7 is a plan view of an alternate embodiment of 
a motor lamination assembly made in accordance 
with the principles of this invention; 
Fig. 8 is a plan view of another alternate embodi- 
ment of a motor lamination assembly made in ac- 
cordance with the principles of this invention; 
Fig. 9 is still another alternate embodiment of a mo- 
tor lamination assembly made in accordance with 
the principles of this invention; and 
Fig. 10 is an interior view of a hair clipper made in 
accordance with the prior art. 

As shown in Figs. 1 and 2, a hair clipper 100 in- 
cludes a housing 102 having a stationary clipper blade 
104 mounted at one end. Secured within the housing 
102 is an electro-magnetic motor 106 which includes a 
coil 108 and an associated core 110. 

An armature 112 having appreciable mass is 
mounted in an effective relation with the core 110, ar- 
mature 112 including an armature arm 114 which is se- 
cured to the housing 102 at an end 116. The arm 114 
includes a leaf spring portion 118 which is resilient or 
elastic, and allows the armature 11 2 to vibrate in use. 

A drive finger 120 secured to the armature 112 en- 
gages a moveable clipper blade 122 which is mounted 
for cooperative action with the fixed clipper blade 104. 
The blades 104 and 122 have rows of teeth 124 and 
1 26, respectively, which are arranged so that hair which 
enters between adjacent teeth 1 24 is cut as the teeth 



1 26 move back and forth across the teeth 1 24. 

The coii 108 is energized by AC current provided 
through a power cord 125 and switch 127. When the 
power is turned on, usually at 50 Hz or 60 Hz, the arma- 
£ ture 1 1 2 vibrates along a path A in response to the var- 
ying magnetic field of the electro-magnet, and the blade 
122 reciprocates. The core 110 includes a plurality of 
stacked laminations or other magnetically permeable 
material 128 which are secured to the housing 102 by 
to screws or any other suitable structure. The armature 
1 1 2 also includes stacked laminations or other magnet- 
ically permeable material 130. 

As can be seen in Figs. 3 and 4, the laminations 1 28 
are generally Eshaped, with a center arm 1 32, two outer 
arms 134 and 136, and a back 138. The armature lam- 
inations 130 are generally C-shaped, and include two 
arms 140 and 142, and a back 144. The stationary lam- 
inations 128 and the moving laminations 130 form a 
magnetic circuit which is energized by the coil 108, as 
shown in Fig. 3. In operation, magnetic flux F passes 
through the center arm 1 32 into a first flux gap zone 146 
which includes a gap 148. The flux enters the moving 
laminations 130 and is divided into two paths. Flux F A 
travels upwardly in Fig. 3 to a second flux gap zone 150 
having a gap 152, which the flux F A crosses, and enters 
the stationary laminations 128. The flux F A then returns 
to the center arm 136. At the same time, flux F B travels 
downward in Fig. 3, to a third flux gap zone 154 having 
a gap 156. The flux F B crosses the gap 156 and enters 
the stationary laminations 128, returning to the center 
arm 132. The flux paths reverse and alternate with the 
alternating current flowing through the coil. 

The flux gap zones 146, 150 and 154 are general 
representations indicating generally where there is sub- 
stantial flux flow. The flux gap zones are shown larger 
than they actually are, however, for clarity. While the flux 
gap zones shown in the figures each have a single con- 
tiguous gap, it is contemplated that more than one gap 
could be used in a single flux zone, if desired. 

The total length of the gap 1 48 is 1 48GL, measured 
along a line which runs along the center of the gap when 
the laminations are in a closed position. The total gap 
length 148GL includes gap portions 158, 164, 160, 166 
and 1 62. The general area of highest flux concentration 
is across a width 132W of the arm 132, and the corre- 
sponding surface portion of the back 144. The total 
length of the gap 152 is 152GL, which includes gap por- 
tions 168, 170 and 172. The width of the arms 134W 
and 1 40W are about the same, and are shorter than the 
gap length 152GL. The total length of the gap 156 is 
1 56GL. Arm widths 1 36W and 1 42W are about the same 
dimension, and are about the same as the gap length 
156GL. 

Figs. 5 and 6 show top and side views of the core 
110, respectively. The gap 148 in Fig. 4 is formed in part 
by a total surface area 1 32TS (Fig. 5) which is the total 
of the surface areas 1 32AS, 1 32BS, 1 32CS, 1 32DS and 
1 32ES. Those surface areas can be measured with the 
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total gap length 1 48GL as a point of reference. The sur- 
faces 132BS ; 132DS are at a slightly oblique angle to 
the surfaces 132AS, 132CS and 132ES, to accommo- 
date the slight arc in the path of travel of the moving 
laminations. 

The total gap surface area 1 32TS is approximately 
the product of the total gap length 148GL (i.e., the sum 
of the lengths 1 32A, 1 32B, 1 32C, 1 32D and 1 32E) times 
a gap surface depth 1 32GD. The surface 1 32TS can be 
measured at any suitable place, such as along the cent- 
er of the space which defines the gap when the moving 
laminations are in their closed position in operation, 
closest to the fixed laminations, as at the line 148GL 
The surface 1 32TS generally extends over the flux gap 
zone 146, where substantial flux passes, A portion of 
the corresponding surface of the back 144 of the lami- 
nations 130 could be used to evaluate the gap 148, but 
the entire surface would not be used for this purpose 
because substantial flux does not flow between the en- 
tire surface and the arm 132. Basically, the portion of 
the surface between the dotted lines which define 1 32W 
in Fig, 4 would be used for purposes of measuring the 
total actual surface area of the gap 1 48, because that is 
the region where there is high flux density across the 

gap. 

Fig. 6 shows the surface 132TS when viewed 
through a plane which is perpendicular to the direction 
of the path of oscillating motion of the vibrating lamina- 
tions. When the surface 1 32TS is viewed from that per- 
spective, an apparent gap surface area 132AG can be 
seen. The apparent gap surface area 132 AG is the prod- 
uct of the lamination width 132W which spans the gap 
1 48, times the gap surface depth 1 32GD. The apparent 
gap surface could also be measured by taking a cross- 
section of the arm 132 in a plane perpendicular to the 
path A. 

It can now be seen that the actual total surface area 
132TS is greater than the apparent gap surface area 
1 32 AG. It can also be seen that the actual total gap sur- 
face area of the gap 1 52 is greater than its apparent gap 
surface area 1 34AG. In the configuration of the gap 1 56, 
which is used in conventional hair clippers, the actual 
total gap surface area is about the same as the apparent 
gap surface area 136 AG. 

This invention can also be understood by consider- 
ing the three total gap lengths 148GL, 152GL and 
156GL, (Figs. 3 and 4), as described. The gaps are 
formed by interfacing, but separate, surfaces of the lam- 
inations 128 and 130. While in some cases the widths 
of the laminations 1 28 and 1 30 at the interface are gen- 
erally the same, as with the gaps 152 and 156, in other 
cases the width of one lamination surface is less than 
the width of the lamination surface on the other side, as 
with the gap 148. 

The gap length 156GL is about the same as the di- 
mension of the width 1 36W of the arm 1 36 and the width 
142W of the arm 142, as in prior art devices. However 
the dimension of the width 1 32W is less than the length 



148GL of the gap 148, and the dimension of the width 
1 34W of the arm 1 34 is shorter than the gap length 
1 52GL. Generally, these width dimensions span their re- 
spective gaps in the plane generally perpendicularto the 

s path of oscillating motion of the moving laminations 1 30. 
By making the length of at least one of the gaps longer 
than the width dimension of the narrower of the two lam- 
inations in the flux gap zones, the efficiency of the motor 
is improved, and hairclippers having such motors oper- 

10 ate at a lower temperature while producing more power. 
The gaps 148 and 152 include primary flux poles 
which are substantially perpendicular to the direction of 
motion across the air gap, and secondary flux poles 
which are generally parallel to the direction of primary 

*5 fluxftow, recognizing that the flux flow direction changes 
somewhat it crosses the air gap. The secondary flux 
poles are generally perpendicular to the primary flux 
poles, and have a substantially constant small air gap 
but varying effective cross-sectional area as the arm os- 

20 cillates in and out, as seen in Figs. 3 and 4. Thus, the 
flux gap zone 1 46 includes primary flux poles at the sur- 
faces 132A, 132C and 132E, and two secondary flux 
poles adjacent to the surfaces 1 32B and 1 32D. The flux 
gap 152 has a primary flux pole at a surface 134A, and 

25 a secondary flux pole at a surface 1 34B. 

It can also be seen now that the gap 156 varies in 
spacing across the entire gap when the motor is in op- 
eration. The primary flux poles in the gaps 148 and 152 
also vary in spacing as the vibrating laminations 1 30 os- 

30 ctllate, though the secondary flux poles of those gaps 
do not vary significantly in spacing when the motor op- 
erates. 

As seen in Figs. 3 and 4, the flux gap zones can 
have various configurations of primary and secondary 

35 poles. In addition, the improved motors can be made 
without secondary poles at each of the three flux gap 
zones. For manufacturing purposes, the optimum con- 
figuration can be empirically determined through exper- 
imentation with pole geometry, secondary gap lengths, 

40 and known design considerations such as coii windings 
and spring resonant frequency. For example, in the em- 
bodiment of Figs. 1 through 6, the following approximate 
dimensions can be used: 132W:.492 inches, 134W, 
136W, MOW and 142W: .400 inches; 132A, 132EM25 

4$ inches; 132C:.25 inches; 132B, 132D: .125 inches; 
134A: .15 inches; 134B: .3 inches; 134C: .26 inches. 
The spacing of the secondary pole gaps may be about . 
040 inch in mass production to accommodate manufac- 
turing tolerances. 

so it js apparent that the moving laminations have a 
small angular component because the armature arm 
pivots along a radius about a fixed point. For this reason, 
the gap furthest from the pivot point opens further than 
gaps which are closer to the pivot point. 

55 Adding secondary pole length decreases the 
stroke. Experiments have suggested that the effect of 
providing secondary poles is highest at the center arm, 
followed by the furthest arm from the pivot point, fol- 
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lowed in turn by the closest arm to the pivot point. 

An alternate embodiment of fixed and moving lam- 
inations made according to the invention is shown in Fig. 
7. The laminations in Fig. 7 are similar to those in Fig. 
1 , except that ail three of the gaps have a total actual 
gap surface area which is greater than the apparent gap 
surface area. That is, all of the gaps have a longer total 
length than the width of the narrower of the interfacing 
laminations. Fig. 7 uses reference numerals from Figs. 
1 through 6 to identify like parts. However, in Fig. 7, a 
gap 700 in a flux gap zone 702 has a total linear length 
700GL The widths 136W, 1 42W of the arms 136, 142, 
which are about the same, are shorter than the gap 
length 700GL. The lengths 700 A, 700B and 700C can 
be about .44 inches, .26 inches and .22 inches, respec- 
tively. 

Another alternate embodiment is shown in Fig. 8, 
where stationary laminations 800 include a center arm 
802 having a coil 804, adjacent arms 806 and 808 on 
either side of the arm 802, and a generally perpendicular 
back portion 810. Moving laminations 81 2 are generally 
C-shaped and include arms 81 4 and 816, and a perpen- 
dicular back 818. This embodiment has a first gap 820 
in a flux gap zone 822, a second gap 824 in a flux gap 
zone 826, and a third gap 828 in a flux gap zone 830. 

The gap 820 is defined by a first surface 820 A which 
is oriented generally parallel or in line with the direction 
of the moving laminations, to maintain a substantially 
constant air gap over that portion of the gap. A second 
surface 820B is at an oblique angle to the direction of 
movement, as is a third surface 820C. The total actual 
gap surface is greater than the apparent gap surface, 
and the total linear length of the gap 820 is longer than 
the width 814W of the arm 814. The width of the arm 
81 4W is narrower than the width 806W of the arm 806, 

The gap 824 is a conventional gap which has a total 
actual gap surface which is about the same as the ap- 
parent gap surface. Tne total linear length of the gap 
824 is about equal to the width of the arm 802. The entire 
gap 824 is generally perpendicular to the path of the 
moving laminations. 

The gap 828 has a single surface which is at an ob- 
lique angle to the path A of the moving laminations, mak- 
ing its actual gap surface area greater than its apparent 
gap surface area, and its total linear length longer than 
the width 808W of the arm 808. 

Still another embodiment of the invention is shown 
in Fig. 9. Stationary laminations 900 include a central 
arm 902 having a coil 904, two adjacent arms 906 and 
908, and a generally perpendicular back 910. Moving 
laminations 912 include two arms 914 and 916, and a 
back section 918, 

The laminations 900, 912 form a first gap 920 in a 
flux gap zone 922, a second gap 924 in a flux gap zone 
926, and a third gap 928 in a flux gap zone 930. 

The gap 920 includes a first portion 920A which is 
generally parallel to the direction of movement A of the 
moving laminations 912, a second portion 920B which 



10 

is generally perpendicular to the direction of movement, 
and a third portion 920C which is also parallel to the di- 
rection of movement. The arm 906 can have a two-piece 
construction, as shown in Fig. 9, or a one-piece con- 
5 struct ion. In Fig. 9, a metal bracket 937 of magnetically 
permeable material is attached to the laminations 900 
to form the gap 920 such that the actual total gap surface 
area is greater than the apparent gap surface area, and 
the total linear length of the gap 920 is greater than the 
width 91 4W. Arms 937A, 937B can be the same or dif- 
ferent lengths. 

In this particular embodiment, the gap 924 is a con- 
ventional gap which is oriented generally perpendicular 
to the direction of movement A of the laminations 912. 
The gap 924 has an actual total gap surface area about 
the same as its apparent gap surface area, and has a 
total linear length which is about equal to the width 902W 
of the arm 902. 

The gap 928 is defined by a first gap surface 928 A 
which is generally parallel to the direction of movement 
A, and a second gap surface 928B which is generally 
perpendicular to the direction of motion. The actual total 
gap surface area is greater than the apparent gap sur- 
face area, and the total linear length 928 GL is greater 
than the width 91 6W. The gap 928 is formed in part by 
a magnetically permeable metal bracket 941 which is 
secured to the laminations 900 by a screw or any suit- 
able device. 

in operation, AC power is applied to the magnetic 
coil. Sixty or fifty Hertz line voltage is suitable, although 
square waves or any other suitable inductance inducing 
current would also work. In any event, current in the coil 
produces magnetic flux which flows through the station- 
ary laminations and the vibrating laminations by passing 
across the gaps. The vibrating laminations reciprocate 
back and forth as the coil current changes direction, 
moving the moving blade teeth over the stationary teeth 
and cutting hair which is between the stationary teeth. 

The motor generates more powerthan conventional 
vibrator motors, and operates at a lower temperature. 
Moreover, it can be used in otherwise conventional hair 
clippers, with little re-tooling. The motor is light and in- 
expensive to manufacture, yet performs well over gen- 
erally accepted manufacturing tolerance ranges. The in- 
creased efficiency of the motor accommodates the use 
of less copper in the coil, because fewer ampere-turns 
are needed to operate the motor. If preferred, of course, 
higher power can be generated by increasing the am- 
pere-turns in the coil, to cut thick hair at a fast rate. 

Motors made in accordance with this invention have 
a shorter stroke than conventional vibrator motors. The 
combination of the short stroke with higher power facil- 
itates cutting close to the scalp with the tips of the teeth 
because the arc of the moving biade is also reduced 
when the stroke is reduced, so the tips of the moving 
blade teeth can be moved closer to the tips of the sta- 
tionary teeth. In the alternative, the shorter stroke can 
be increased by increasing the tensions in the mechan- 



75 



20 



25 



30 



35 



40 



45 



50 



6 



BNSDOCID: <EP 080261 4A1 J. > 



11 



EP0 802 614 A1 



ical spring system. 

The advantages of this invention are now apparent. 
The increased actual gap surface created by the sec- 
ondary flux poles increase efficiency, reducing power 
consumption and decreasing operating temperature 
while increasing power output. The spring system can 
be changed to increase stroke, while maintaining com- 
plete oscillations at twice the line frequency, which is de- 
sired. The motors are simpler to make and assemble, 
use less copper, and can be easily used in conventional 
vibrator hair clippers over a range of manufacturing tol- 
erances. When used in hairclippers, the motor operates 
better in thick hair, and the clipper can be adjusted to 
cut closer to the scalp. 

While the principles of the invention have been de- 
scribed above in connection with specific apparatus and 
applications, it is to be understood that this description 
is made only by way of example and not as a limitation 
on the scope of the invention. 



Claims 

1 . A vibrator motor characterized by; 

a fixed magnetically permeable piece (110) and 
a moving magnetically permeable piece (112) 
forming a plurality of flux gap zones (146, 1 50, 
1 54) for substantial flux flow between said piec- 
es, each of said flux gap zones having at feast 
one air gap (148, 152, 156) between corre- 
sponding surfaces of said fixed and moving 
pieces; 

said fixed piece (110) being secured to a sta- 
tionary portion (102); 

a mechanical spring system (118) connected to 
said moving piece (112), at least one end of 
said mechanical spring system being secured 
to said stationary portion (102); and 
means (108, 125, 127) for generating varying 
magnetic fields between said fixed and moving 
pieces, said fields passing across said at least 
one air gap (148, 152, 156) within said flux gap 
zones; 

said magnetic fields and said mechanical 
spring system (118) causing said moving piece 
(112) to oscillate along a predetermined path; 
at least one of said flux gap zones (146, 150, 
154) having at least a first primary flux pole in 
which a first selected surface (134A) of said 
fixed piece is generally perpendicular to said 
predetermined path, a second primary flux pole 
in which a second selected surface (134C) of 
said fixed piece is generally perpendicular to 
said predetermined path, and a first secondary 
flux pole between said first and second primary 
flux poles in which a third selected surface 
( 1 34B) of said fixed piece ( 1 1 0) is generally par- 



allel to said predetermined path. 

2. The vibrator motor according to claim 1 further char- 
acterized by said secondary flux pole (132B) is 

s formed in part by a first bracket secured to said fixed 
piece (110). 

3. An electric hair clipper characterized by; 

10 a stationary blade (104) fixed to a housing 

(102), 

a moving blade (122) for reciprocating move- 
ment along a predetermined path adjacent said 
fixed blade (104), and 

75 a vibrator motor (106) having a fixed magneti- 

cally permeable piece (110) and a moving mag- 
netically permeable piece (112) forming a plu- 
rality of flux gap zones (146, 150, 154) for sub- 
stantial flux flow between said pieces, each of 

20 said flux gap zones having at least one air gap 

(148, 152, 156) between corresponding surfac- 
es of said fixed and moving pieces; 
said fixed piece (110) being secured to said 
housing (102), said moving piece being se- 

2S cured to said moving blade (1 22); 

a mechanical spring system (118) connected to 
said moving piece, at least one end of said me- 
chanical spring system being secured to said 
housing (102); and 

30 means (108, 125, 127) for generating varying 

magnetic fields between said fixed and moving 
pieces, said fields passing across said at least 
one air gap (148, 152, 156) within said flux gap 
zones: 

35 said magnetic fields and said mechanical 

spring system (118) causing said moving piece 
(112) to oscillate along said predetermined 

path; 

at least one of said flux gap zones (146, 150, 
40 154) having at least a first secondary flux pole 

in which a first selected surface (1 32B) of said 
fixed piece is generally parallel to said prede- 
termined path, a second secondary flux pole in 
which a second selected surface (1 32D) of said 
45 fixed piece is generally parallel to said prede- 

termined path, and a first primary flux pole be- 
tween said first and second secondary flux 
poles in which a third selected surface (132C) 
of said fixed piece (110) is generally perpendic- 
50 ular to said predetermined path. 

4. A vibrator motor characterized by: 

a fixed magnetically permeable piece (110) and 
55 a moving magnetically permeable piece (112) 

forming a plurality of flux gap zones (146, 150, 
1 54) for substantial flux flow between said piec- 
es, each of said flux gap zones having at least 



7 



BNSDOCID:<EP 0802614A1 I > 



1 



EP0 802 614 A1 



14 



one air gap {148. 152, 156) between corre- 
sponding surfaces of said fixed and moving 
pieces; 

said fixed piece (110) being secured to a sta- 
tionary portion (102); 5 
a mechanical spring system (118) connected to 
said moving piece (112), at least one end of 
said mechanical spring system being secured 
to said stationary portion (102); and 
means (108, 125, 127) for generating varying 10 
magnetic fields between said fixed and moving 
pieces, said fields passing across said at least 
one air gap (1 48, 1 52, 1 56) within said flux gap 
zones; 

said magnetic fields and said mechanical is 
spring system (118) causing said moving piece 
(112) to oscillate along a predetermined path; 
at least one of said flux gap zones 
(146,150,154) having at least a first secondary 
flux pole in which a first selected surface (1 32 B) 20 
of said fixed piece is generally parallel to said 
predetermined path, a second secondary flux 
pole in which a second selected surface ( 1 32D) 
of said fixed piece is generally parallel to said 
predetermined path, and a first primary flux 25 
pole between said first and second secondary 
flux poles in which a third selected surface 
(132C) of said fixed piece is generally perpen- 
dicular to said predetermined path. 

30 

5. An electric hair clipper characterized by: 

a stationary blade (104) fixed to a housing 
(102), 

a moving blade (122) secured to said housing 35 
for reciprocating movement along a predeter- 
mined path adjacent said fixed blade (104), and 
a vibrator motor (106) having a fixed magneti- 
cally permeable piece (110) and a moving mag- 
netically permeable piece (112) forming a plu- 40 
rality of flux gap zones (146, 150, 154) for sub- 
stantial fiux flow between said pieces, each of 
said flux gap zones having at least one air gap 
(14B, 152, 156) between corresponding surfac- 
es of said fixed and moving pieces; *s 
said fixed piece (110) being secured to said 
housing (102), said moving piece being se- 
cured to said moving blade (122); 
a mechanical spring system (118) connected to 
said moving piece, at least one end of said me- so 
chanica! spring system being secured to said 
housing (102); and 

means (108, 125, 127) for generating varying 
magnetic fields between said fixed and moving 
pieces, said fields passing across said at least 
one air gap (148, 152, 156) within said flux gap 
zones: 

said magnetic fields and said mechanical 



spring system (118) causing said moving piece 
(112) to oscillate along said predetermined 
path: 

at least one of said flux gap zones (146, 150, 
154) having at least a first primary flux pole in 
which a first selected surface (132A) of said 
fixed piece is generally perpendicular to said 
predetermined path, a second primary flux pole 
in which a second selected surface (134C) of 
said fixed piece is generally perpendicular to 
said predetermined path, and a first secondary 
flux pole between said first and second primary 
fiux poles in which a third selected surface 
(1 34B)of said fixed piece (110) is generally par- 
allel to said predetermined path. 
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